AIR CONDITIONING SYSTEM FOR VEHICLES 
Technical Field of the Invention 
[0001] The present invention relates to an air conditioning system for vehicles with a 
refrigeration cycle having refrigerant compressors, and more specifically, to control of an 
air conditioning system for vehicles having a variable displacement compressor. 

Background Art of the Invention 
[0002] In an air conditioning system for vehicles with a refrigeration cycle having a 
plurality of compressors, various control systems are proposed wherein the respective 
compressors are adequately switched in response to the vehicle running condition. In 
such an air conditioning system for vehicles, when the compressor operation is switched, an 
overshoot may occur in a feedback control, and a refrigerant flow rate in the refrigeration 
cycle may vary greatly. Therefore, the temperature of a cooler may vary greatly, the 
temperature of air blown into a vehicle interior and the temperature of the vehicle interior 
may vary, and there is a case where the thermally comfortable feeling of passengers is 
injured. 

Disclosure of the Invention 
Problems to be solved by the Invention 

[0003] Accordingly, paying attention to such problems in the conventional control 
systems, an object of the present invention is to provide an air conditioning system for 
vehicles capable of suppressing deterioration of the thermally comfortable feeling of 
passengers, in an air conditioning for a vehicle wherein a cooler temperature varies greatly 
by an overshoot in a feedback control when compressor operation is switched. 
Means for solving the Problems 

[0004] To achieve the above-described object, an air conditioning system for vehicles 
according to the present invention comprises compressors different from each other, 
displacement control system switching means for switching a displacement control system 



A to a variable displacement control system B with respect to the displacement control 
system A controlled by a displacement control value "a" among displacement control 
values "a" and "b" for the compressors different from each other and the variable 
displacement control system B controlled by the displacement control value "b", and 
feedforward displacement value calculation means for the variable displacement control 
system B for calculating a displacement control value of the variable displacement control 
system B as an input to a control object so as to obtain a target control displacement after 
the displacement control system is switched. After the displacement control system is 
switched from the displacement control system A to the variable displacement control 
system B, the variable displacement control system B is started based on a feedforward 
displacement value calculated by the feedforward displacement value calculation means for 
the variable displacement control system B. 

[0005] Further, as a more concrete embodiment, an air conditioning system for vehicles 
according to the present invention comprises a refrigeration cycle, a compressor and a 
variable displacement compressor provided in the refrigeration cycle, means for operating 
the variable displacement compressor, compressor operation switching means for 
switching the compressor operation between the compressor and the variable displacement 
compressor, and variable displacement compressor feedforward displacement value 
calculation means for calculating a displacement control value of the variable displacement 
compressor as an input to the refrigeration cycle so as to obtain a target control 
displacement after the compressor operation is switched. After the operation is switched 
from the compressor to the variable displacement compressor, the variable displacement 
compressor is started based on a calculated variable displacement compressor feedforward 
displacement value. 

[0006] In such an air conditioning system for vehicles according to the present invention, 
a structure may be employed wherein the system further comprises refrigeration cycle load 



recognition means for estimating or detecting a physical value having a correlation with a 
thermal load applied to the refrigeration cycle. In this structure, the variable displacement 
compressor feedforward displacement value is calculated referring to a refrigeration cycle 
load value recognized by the refrigeration cycle load recognition means before the 
operation is switched to the variable displacement compressor. 

[0007] Further, a structure may be employed wherein the system further comprises an air 
duct, a blower for sending air into a vehicle interior through the air duct, a cooler connected 
to the refrigeration cycle for cooling the air sent to the vehicle interior, cooler temperature 
recognition means for estimating or detecting a physical value having a correlation with a 
temperature of the cooler or a temperature of air passing through the cooler, target cooler 
temperature calculation means for calculating a target cooler temperature referring to a 
refrigeration cycle load, variable displacement compressor feedback displacement value 
calculation means for calculating a feedback displacement value so as to control the 
displacement of the variable displacement compressor at a predetermined displacement 
referring to a deviation between the target cooler temperature and the value recognized as 
cooler temperature, and time calculation means for calculating a time having a correlation 
with the refrigeration cycle load, until that the temperature of the cooler or the temperature 
of air passing through the cooler reaches a predetermined temperature. In this structure, 
after the operation is switched from the compressor to the variable displacement 
compressor, the variable displacement compressor is started based on the feedforward 
displacement value calculated by the variable displacement compressor feedforward 
displacement value calculation means, and after the time calculated by the time calculation 
means passes, the operation of the variable displacement compressor is controlled based on 
the feedforward displacement value and the feedback displacement value calculated by the 
variable displacement compressor feedback displacement value calculation means. In this 
case, the variable displacement compressor may be started based on only the feedforward 



displacement value calculated by the variable displacement compressor feedforward 
displacement value calculation means without referring to the cooler temperature value 
recognized by the cooler temperature recognition means. 

[0008] Further, a structure may be employed wherein the system further comprises an air 
duct, a blower for sending air into a vehicle interior through the air duct, a cooler connected 
to the refrigeration cycle for cooling the air sent to the vehicle interior, and at least one of 
cooler temperature recognition means for estimating or detecting a physical value having a 
correlation with a temperature of the cooler or a temperature of air passing through the 
cooler, outside air temperature recognition means for estimating or detecting a physical 
value having a correlation with a temperature of outside air, vehicle interior air temperature 
recognition means for estimating or detecting a physical value having a correlation with a 
temperature of vehicle interior air, cooler entrance air temperature recognition means for 
estimating or detecting a physical value having a correlation with a temperature of air at an 
entrance of the cooler, sunshine amount recognition means for estimating or detecting a 
physical value having a correlation with an amount of sunshine, blown air amount 
recognition means for estimating or detecting a physical value having a correlation with an 
amount of air blown by the blower, target cooler temperature calculation means for 
calculating a target value of the cooler temperature, and vehicle running speed recognition 
means for estimating or detecting a physical value having a correlation with a running 
speed of a vehicle. In this structure, a load of the refrigeration cycle is estimated or 
detected by referring to at least one of a cooler temperature recognized value, an outside air 
temperature recognized value, a vehicle interior air temperature recognized value, a cooler 
entrance air temperature recognized value, a sunshine amount recognized value, a blown air 
amount recognized value, a target cooler temperature, and a vehicle running speed 
recognized value. 

[0009] In such an air conditioning system for vehicles according to the present invention, 
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as the displacement varying compression mechanism of the variable displacement 
compressor, a displacement varying compression mechanism controlled by a displacement 
control signal or a displacement varying compression mechanism controlled by rotational 
speed control may be employed. 

[0010] In the above-described air conditioning system for vehicles according to the 
present invention, when the compressor operation is switched, because the variable 
displacement compressor is started based on an optimum feedforward displacement value 
corresponding to a refrigeration cycle load at that time, it is possible to suppress a great 
variation of the cooler temperature, thereby suppressing a variation of the temperature of 
air blown into a vehicle interior and the temperature of the vehicle interior. 
Effect according to the Invention 

[0011] In the air conditioning system for vehicles according to the present invention, 
when the compressor operation is switched, even in a case where the refrigerant flow rate in 
the refrigeration cycle varies greatly, the cooler temperature does not vary greatly, the 
variation in temperature of air blown into a vehicle interior and the vehicle interior may be 
suppressed, and ultimately, the thermally comfortable feeling of passengers may be 
prevented from being injured. 

Brief explanation of the drawings 

[0012] 

[Fig. 1] Fig. 1 is a schematic equipment disposition diagram of an air conditioning 
system for vehicles according to an embodiment of the present invention. 

[Fig. 2] Fig. 2 is a flowchart, showing an example of a control for the air conditioning 
system for vehicles depicted in Fig. 1. 

[Fig. 3] Fig. 3 is a flowchart, showing an example of a conventional control for an air 
conditioning system for vehicles. 

[Fig. 4] Fig. 4 is a diagram of characteristics, showing an example of a control when 



the compressor operation is switched from a compressor to a variable displacement 
compressor in the control depicted in Fig. 2, and an example of a conventional control. 

Explanation of symbols 

[0013] 

1 : air conditioning system for vehicles 
2: air duct 

3: introduction port for outside air or/and inside air 
4: blower 

5: motor for driving a blower 
6: evaporator as a cooler 
7: refrigeration cycle 
8: main controller 

9: compressor displacement control signal 

10: variable displacement compressor displacement control signal 
1 1 : compressor 

12: variable displacement compressor 
13: cooling fan 
14: condenser 
15: liquid receiver 
16: expansion valve 

17: cooler entrance air temperature sensor 
18: cooler exit air temperature sensor 
19: vehicle interior temperature sensor 
20: outside air temperature sensor 
21: sunshine sensor 

The Best mode for carrying out the Invention 
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[0014] Hereinafter, desirable embodiments of the present invention will be explained 
referring to figures. 

Fig. 1 depicts a schematic equipment disposition diagram of an air conditioning 
system for vehicles according to an embodiment of the present invention. In air 
conditioning system for vehicles 1 depicted in Fig. 1, a blower 4 for sending air sucked 
through an introduction port 3 for outside air or/and inside air is provided at an upstream 
position in an air duct 2 opening toward a vehicle interior. The blower 4 is driven by a 
motor 5 for driving the blower. An evaporator 6 is provided at a position downstream 
blower 4 as a cooler for cooling air sent. As needed, a heater core may be provided at a 
position downstream evaporator 6 as a heater, although it is not depicted. The air having 
passed through evaporator 6 and having been cooled by the evaporator 6 is blown into a 
vehicle interior. 

[0015] A refrigeration cycle 7 including the above-described evaporator 6 is provided to 
the above-described air conditioning system for vehicles 1. Refrigeration cycle 7 is 
constructed as a refrigerant circuit in which respective equipment are connected to each 
other via refrigerant tubes, and in this refrigeration cycle 7, a compressor 1 1 which can be 
controlled in displacement by a compressor displacement control signal 9 sent from a main 
controller 8, and a variable displacement compressor 12 which can be controlled in 
displacement variably by a variable displacement compressor displacement control signal 
10, are provided. In this variable displacement compressor 12, the drive force may be 
taken, for example, from an engine of a vehicle, or, it may be driven by a motor and the 
displacement may be controlled variably by the control of the rotational speed. In 
refrigeration cycle 7, a condenser 14 which condenses the high-temperature and high- 
pressure refrigerant compressed by compressor 11 and to which a cooling fan 13 is 
provided, a liquid receiver 15 for separating the condensed refrigerant into gas/liquid 
phases, an expansion valve 16 for reducing in pressure and expanding the refrigerant sent 
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from the liquid receiver 15, and evaporator 6 for evaporating the refrigerant sent from the 
expansion valve 16 and cooling the air sent through air duct 2 by heat exchange between the 
refrigerant and the air, are disposed in this order. The refrigerant sent from evaporator 6 
is sucked to the above-described compressor 11 or the above-described variable 
displacement compressor 12, and compressed again. 

[0016] In this embodiment, a signal detected by a cooler exit air temperature sensor 18 
provided as an evaporator temperature detection means for detecting a temperature of the 
evaporator or a temperature of air at an exit of the evaporator (Te), and a signal of an 
evaporator entrance air temperature (Tein) detected by a cooler entrance air temperature 
sensor 17, are sent to main controller 8. Further, a signal of a vehicle interior temperature 
(Tr) detected by a vehicle interior temperature sensor 19, a signal of an outside air 
temperature (Tamb) detected by an outside air temperature sensor 20, and a signal of a 
sunshine amount (Rsun) detected by a sunshine sensor 21, are also sent to main controller 
8, respectively. Further, a voltage signal (a signal of rotational speed) (Vblw) is outputted 
from main controller 8 to blower driving motor 5 for controlling the amount of air sent by 
blower 4. 

[0017] In this embodiment having such a structure, for example, according to the 
flowchart depicted in Fig. 2, when the compressor operation is switched, the displacement 
control at the time of starting the variable displacement compressor in accordance with a 
refrigeration cycle load, etc. is carried out by main controller 8. In the flow shown in Fig. 
2, if the compressor operation is switched (step SI), main controller 8 reads the information 
inputted from the aforementioned respective sensors (step S2), a feedforward displacement 
value (Nmff) for variable displacement compressor 12 is calculated from the information 
inputted from the respective sensors, for example, by the following equation (step S3). 

Nmff=f(Te, Tamb, Tr, Rsun, Tein, Vblw, Tet, Sp) 
Where, Tet is a target evaporator temperature, and Sp is a vehicle running speed. 



[0018] Variable displacement compressor 12 is controlled in starting, based on thus 
calculated feedforward displacement value (Nmff). Namely, when variable displacement 
compressor 12 is started, the start is initiated by providing this calculated displacement 
value (Nmff) as the feedforward displacement value (step S4). In other words, a 
displacement control target value (Nmt) of variable displacement compressor 12 is set at 
this feedforward displacement value (Nmff), and the variable displacement compressor 12 
is started based on only this feedforward displacement value (Nmff). In a case where 
variable displacement compressor 12 is driven by a motor, it is applied to the starting 
control of this motor. Because this feedforward displacement value (Nmff) is calculated 
as an adequate displacement value in accordance with an actual refrigeration cycle load at 
that time, even in a case where the refrigerant flow rate greatly varies at the time of 
switching the compressor operation, it is possible to obtain an adequate displacement value 
at which the temperature of the cooler (evaporator 6) does not vary greatly, a great 
variation of the temperature of the air having passed through the cooler and blown into the 
vehicle interior, ultimately, a great variation of the temperature of the vehicle interior, may 
be suppressed, and the thermally comfortable feeling of passengers may be prevented from 
being injured. 

[0019] After variable displacement compressor 12 is thus started, a variable displacement 
compressor feedback control delay time (t) is calculated, for example, by the following 
equation (step S5), and a variable displacement compressor feedback rotational speed 
(Nmfb) (in a case of rotational speed control) is calculated by the following equation (step 
S8). 

t=f(Te, Tamb, Tr, Rsun, Tein, Vblw, Tet, Sp) 
Nmfb=P(proportional term)-Hn(Integral term) 

P=Kp • (Te-Tet) 

In=Inn-l +Kp • Ki • (Te-Tet) 



Where, Kp is a proportional constant (gain), Ki is an integral constant, and Inn-1 is a 
previous value. 

[0020] Then, it is determined whether the above-described delay time (t) has passed or 
not (step S6), and until a predetermined time passes, the variable displacement compressor 
displacement control is carried out by setting the feedforward displacement value (Nmff) 
as a target (step S7). When the above-described delay time (t) has passed, following step 
S8, the variable displacement compressor displacement control is carried out by setting the 
sum of the feedforward displacement value (Nmff) and the feedback displacement value 
(Nmfb) (step S9). By this control, until the starting is stabilized, even if the refrigerant 
flow rate varies during the feedforward control, the control for air conditioning may be 
started without generating a great variation of blown air, etc. After the starting is 
stabilized, by adding the feedback control, a more accurate control to a target temperature 
may be achieved. 

[0021] For comparison, a general conventional control due to only feedback is shown in 
Fig. 3. In the conventional control, according to the flow depicted in Fig. 3, when the 
compressor operation is switched, respective input signals/variables are inputted to a main 
controller, and the displacement control of a variable displacement compressor is carried 
out in accordance with refrigeration cycle load. Therefore, as the comparison between the 
control according to the present invention and the conventional control is shown in Fig. 4, 
in the conventional control, in a case where the refrigerant flow rate greatly varies after 
switching of the compressor operation, because an overshoot occurs in the displacement 
control value by the feedback control for suppressing the variation of the refrigerant flow 
rate, the refrigerant flow rate is to be varied. Therefore, the temperature of air blown into 
a vehicle interior and the temperature of the vehicle interior may vary by the temperature 
variation of a cooler, and there is a case where the thermally comfortable feeling of 
passengers is injured. In the control according to the present invention (the control 
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according to the embodiment of the present invention), however, as shown in Fig. 4, such a 
problem can be solved by the feedforward control after switching of the compressor 
operation, and after a predetermined time passes, adding a feedback control, a desirable 
control state similar to that in the conventional control can be realized. 

Industrial Applications of the Invention 
[0022] The air conditioning system for vehicles according to the present invention can be 
suitably applied to any air conditioning system for vehicles with a refrigeration cycle 
having a compressor and a variable displacement compressor, and in particular, it is 
suitable to be applied to a case requiring to prevent deterioration of the thermally 
comfortable feeling of passengers when the compressor operation is switched. 
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